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ABSTRACT 


The purpose cf this thesis 1S to ¢xamine and reccmmend 
methccolocies that will support the analysis of the ARCOMS 
Il field experiment. This is done in three parts. The first 
is tc determine the methods with which to analyze «he exper- 
imental effects and interactions. This is followed by a 
discussicn of data analysis techniques for rapresenting the 
data. Thirdly, an examinaticn cf tne techniques for deter- 
Mining the significance o£ csrtain guestions relating *o the 


Armor Ccmtat Process is discussed. 
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A. EACKGECUND 


Decision-making within the Armed Forces has évolved inte 
an extreszely complex process fTreqguiring an ever increasing 
dependence upon quantitative tools such aS combat modeling 
and ccmputer sisguiation. In BeweOrt ~sthis SitWation “the 
Defense Lerartment recognized the impertance of the data 
required aS input to these mcedels. Consequently, the Arny 
has undertaken a program of modeis improvement supported by 
field eéexrerimentaticn. In respons@ to whis effort the 
Training and Doctrine Command (TRADOC) designated the TRALDOC 
Systems Analysis Activity (TRASANA) as the proponent fora 
series cf field experiments to provide the Army Model 
Improvement Program the required support. SuGe ner Ncn=, suse 
directed tke Tradoc Cembined Arms Test Activity (TCATA) at 
Fort Hood, Texas +o conduct the first of these experiments. 
Mmmes initial experimentation was quickly fe 
Armor cCecmbat Oferaticns Model Siagert  ~{ARCOMS) Fiele 
Experiment Phase II (ARCOMS [I). The ARCOMS 


llowed by the 


it. £GEecelen-— 
force engagement exreriment was designed to provide data 
that would enable m«cdelers tc better understand the direct 
fire comkét processes in both cffensive and defensive crpera- 
tions; the result cf which is the eventual improvement in 
Armor comktat modeiing, combined arms simulation and wargan- 
Ming. Amcng the critical issues to be addresseaq were the 
time and range dependent distributions of the "dependent 
variables" during the force-on-force engagements as well as 
the experimental effects and interactions [Ref. 1: pp. 1-1 
weru 1-10}. 





1. Scenario 


mee meSCeudaIGuSOL |<—-niS experiment consisted cf a 
series cf ccmbined arms meeting engagemerts between ATTACKER 
PD erENDER forces cenfigured as shown in Table I [{Ref. 1: 
Peete), The force configuration depicted here is typical of 
an Armer heavy team attacking an Armor platoon supported by 
anti-tank weapons. The specific quantities of éach force 
€élement were allccated in order *o provide the Attacker with 


Memes imin force ratio of three to ons. 


| 
| 
| 
: 


TABLE I 
FORCE COMPOSITION 


ms TULEMENT Or Ei oe DEFENSE 
oer F BOUNDING OVERWATCH 

Tank, M60 25a Goons 1 platoon 1 platcon 
APC 1 elatoon 

AT 1 section 1 element 


= a Sy I ge SS ete SI ce, ce SS Le eg a ee ce eee 


pon 


Tre scenaric was designed to play GS and CDPFOR 
tactics in both offensive and defensive opsrations. The 
cpposing ferces were given initial briefings and operaticns 
Seaers. ‘The «est officers acted as both the controllers and 
the higher headquarters for the participating units. The 
players were permitted to cenduct the operation to the hest 
of their experience and ability so long as they rémained 
@emsistan= with the tactical doctrine that thev were 

fo 


selecteq tc rerpresent. Tne  gecack2ng ree ccnmenced 
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Géploymert from one cf twe selected avenuss of apprcach. 
item. Objective was ©<O Seize positions being defended by the 
cpposing force. Fronc this point the meeting engagement was 
free flowing. This permitte PicmedGti cal eeplay <«C be as 
realistic as possible. Artillery, smoke, mines and tne use 


ef trenches were not rplayed. 
2. Pata Collecticn 


Pricr to the conduct of the @xperiment data on the 

follewing environmental areas was collected. 

ieee Netecrological data. 

2. Player demographics. 

3. Equipment demcgraphics. 

4, Historical questionaires. 
This was followed, a shore time later, by the experimental 
phase in which the employment of automated measuring and 
recording devices 2nabload data collection <c be cerfcrmed in 
Beeal time. hog eeaenaily tne semernaed Of data collection 
provided a means +t¢ amass @n enormous quantity cf data 
memmeeaining to positicn location, firer and <a 
caticn, range, and a record of hits and mi 


abe we 
ndent Ver teble 


f) 


s 
a Tew. ite daca collected cn the dep 
consisted of five tyres. They are 
elon] of -signt data(inzervisibility). 
fees Target aquisiticn data. 
Bees tetget distriktution data. 
B. Tazraet engagement results. 


Bera tcr 1 tion data. 


3. Lependens Variables 


_ 
a= ee 


: 





The dependent variabies that were measured [Ref. 1: 
pp. 11-20 thru 1-33] are tco numerous to be listed here. The 


are, however, previded in appendix A. 
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4. Independent Variables 


Four indépendent variables were chosen at which to 
measure the dependent cr response variables. Each cf these 
variakles ccnsisted cf two levels as shown in Table II. By 
fixing ¢ach of tne distinct combinations of the independen= 
variakle levels, an Experimental trial was datermined. The 
entire experiment consisted cf eight trials each replicated 


a@etctal cf three times. 


TABLES LL 
FACTOR LEVELS 


<NCEEFENDENT VARIABLES evs 
ATTACKER TACTICS -Fire and Movement 
=Rapid Approach 


DEEPENDER TACT IGS -Deliberate Defenss 
-Hasty Detrenss 
TERRAIN (avenue “Hilly (Avenue ‘'A‘) 


cf approach) 
PE ~Flacz(Avenue 'B") 


ee ee, ee ee 9 


HATCH POS 
(visibi 


ee eN =O) ery 
li y) ; 
-Closed 


|e ee SES oe i ce aii Laem ——" 


| 


ee ees te, 


a SS a SS ae ee eee a se SSeS Pee Pees A | 
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Be. OEJECTIVE 


< is the objective of this paper to examine those meth- 
odologies that will kest Support the data analysis effcret 
meme waing the completicn of data reduction. This is to be 
accomplished in thre¢ parts. The first is an examinaticn of 
the experimental effects. Tha second 1s to discuss data 
analysis techniques to describe the data. This is fcllowed 
by discussicn of the analysis technigues that will cud £0 
determine the Significance of certain questions relating =o 


the Armcr Ccmbat Process. 


oa SCOPE 


The score of this pape 'VWalieSsealamited to Specaftically 


rf 


addresSing the questicns of “What should be analyzed?" as 
well as "What method should be employed to pezform the anal- 
fens?" , Mum tie D&ecedang. catagrabh it was stated that e 
primary ccncern of experimental analysis is +o determine the 
effect that the independent variables have upon the depen- 
dent variables. It is equally important =o examine the 
effect that che interactions between these variables have 
upon the derendent variable. This is to be accomplished in 
foe tolilcwing manner. 

fee AN C€Xaminaticn of curre 


n O 
variance and factorial design 
mn O 


Memicecide Woon the best method with which to estimate 
the experimental effects. 
2. Cnce an approrfriate method has been selected, a 


procedural example will be used to illustrate the 
analytical precess involved in the derivation and 
interpretation of the experimental effects. 
imgmorder to facilizate Armor Combat Modeling, the data 
Seer ysis Shcuid focus upon the mnethocs which transforma the 


n 
Gea antc descriptive or ovoredictivs mode¢eis. The acdels 
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include réegressicn medels as well as many well known vrota- 
eons c Cr Stochastic models. Pzocedurai methods wili be 
discussed in order tc obtain answers to specific guesticns 
regarding the combat process reflected by this experiment. 
Included in this discussion are proposals for conducting 
comparative analyses tetween these results and historical 


experience as well as cther experimentation. 





af. “ANIME TSIS OF EXPERIMENTAL EFFECTS 


Ean “SP eee SE SS SS SS 


A. BACKGHOUD DISCUSSION 


The four independent variablés each at two levels fcrma 
total of sixteen urique combinations. By measuring the 
dependent variable for each of these combinaticns it is 
possitle to conduct an analysis of variance using a 2¢ 
BaetOrial design. The independent variables wili, hence- 
forth, be xererred to as the experimental factors. The 
facters dlisted in Tables If and III nave been coded A 
through CD while their aporcporiaté Il1svels have been desig- 
nated as rplus(+) or minus(-). Home last tyrand Simp lacucy 
this coding will be used throughout the thesis when refer- 
memaetOo a farticular factor, or factor-leval compinaticn. 
The ARCOMS II experiment was performed by using only eight 
of the sixteen treatment combinations. This was due prina- 
[eerye tc cle prohibitive cost of resources [Ref. 2: p. 2-3]. 
Yet, €ach ccmbination was replicated three times. A look at 
Table IV will show ths combinations that were actually 
emroyed. if ali possible combinations of the contrel vari- 
ables had he 


en utilized the 2* factorial design would have 
proven tc be 


an efficient method by which to estimate the 
fean effects, anche Maneenhac=10n E€LLec tS as well as an 
eStimate cf experimental erccer. The main effects aré the 
GOntributions that the factors Attacker Tactics, Defender 
Mteescs , Terrain and Hatch Pesition have upon the expe 
Mental yield (the dependent variables). Rhee sntereac 220 
on the ctker hand, ccnsist of the simultaneous effect o 
Sempination of two, eIaco Cr SOUL MractoOrs upon ‘the yield. 
This is valid sc long as the factorial modei assumptions are 


weve id. 





TAELE Lilt 
EXPERIMENTAL DESIGN MATRIX 


CCNTRCL VARIAELE LEVELS CODE SIGN 
Attacker Tactics Fire and 
Movement A - 
Rapid Approch A = 
Defender tactics Deliberate B f 
Hasty B os 
Terrain (avenue Hilly S " 
cf approach) 
flat G - 
Hatch Position Open D " 
Closed D - 
TABLE IV 


COCED EXPERIMENTAL DESIGN MATRIX 









re oe oe oe es 
+iteti+es 
r+hirete 


WUIGWL LILI LIU) 





++i eitte 





MANN EWN 









mee cet} 
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B. ANALYSIS OF THE EVENT MATRIX 


re 


t- 
OP) 
(D 
age | 


Given the event patrix in Table IV the guestion 


"How should it te analyzed in order to determine 2 


os 
re | 
1) 
r{ 
{+ 
' 


ct 


tt 
| 


mental effects?" Having aiready excluded the 24% factorial 
L- 


rh 
1D) 


a 


™" 


design tkeéecause of the reduced number of trials, the 
Meee y Of Using cther known types of factorial designs will 
ke examined. This will involve a look at fractional facto- 
Grails, and confounding cf the interactions te preduc3 
Sub-mcdels cf a 2* factorial design. Although the use of 
blocking variables was considered, it will not be included 
Memes Faper. Tais iS primarily due to the fact that there 
does not exist a physical variable from which blocks could 
be generated. The introduction or a dummy biocking variakle 
would only serve to compound the analysis of the confounding 
Mmoaes WCULG normally cccur due to biocking. 


1. A 2%"! Half Fractional Factorial 


Cften there exists in a factorial design a certain 
emount Of redundency with respect to the interactions or 
Malin effects. This reduncency may be attributed to either 
@@eenegqligitle effect of a higher ordar interaction cr the 


Meare. aitic effect cf a particular factor. Dine Laces ao). 


7) 


especially true when a large number of factors are uséd in 
Meee design {kef. 3: pp. 374-375}. Gapatalazind WPOn =nes 
Meron che tay find it possible «o reduce the number of 
Bema ts and still obtain valid results. However, the little 
Mere Of frezsdon «that is gained when an interacticn cr 2a 
factcr is assumed tc be negligible has a cost attached tc 
Meet hat cost is in terms of a loss of information regarding 
mee Ertirtect of the omitted interacczion. If from experience 
cr scme prior information one knows of such a negligible 
Peecct, there wili be little or no loss of informatzicn. On 


Meemomneretand, if NO a Driori knowledge exists, a loss of 
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Meet Maticn that is normally attributed to the effect is 
Meee ly tC occur. Rather than reaqarding this as a less of 
informaticn, it would be more appropriate te say that che 
informaticn has been confounded with some other effect. 
Thus an effect normally attributed to the omitted factor 
combination is now cenfounded with some other factcr ccmbi- 
mation. The two exzfects are now indistinguishable¢ from 
one-another. 

Reduction in the reguisite number of trials may aiso 
be acccmplished by considering a half-repiicate cf a 2% 
Mewetial, A half-replicate of the 2* factorial is merely a 
fee Or 23 factorial. This requires only eight or half of 
the criginal sixteen trials. Thus, it only remains to deter- 
mine these eight combinaticns that preduce the best results. 
The proper choice ccmes frem confounding a higher cxrder 
iieeracticn with other factor combinations. This procedure 
generates two complimentary sets of eight combinaticns 
called a fcld-over. Either set is equally useful for the 
purposes of analysis provided that measurements are taken 
uSing the selected half-replicate. 

Seas lv, lets IMDeCEcane tO Obcain as much inrcEna— 
Myon aS possible with regard to th? main effects. To do this 
it 1S necessary to generate fold-over sets by confcundine 
Pagher crder interactions. This precludes any ambiguity with 
respect to tha main etfects. The fold-over sets using 
interacticns AB, AC, AD, BC, BD, and CD were generated ana 
@an attempt was made to match the resulting treatment cembi- 
Maticns to the eight actually used in the experiment (Table 
eye} Unfortunately, none of the fold-cver sets preduced a 
Gaccn. An attempt with each of the third order interacticns 
ABC, ABD, ACD, BCD, and ABCD was also fruitless. 

I+ Eecame readily apparent that the imbalance in the 
cccurrence cf factors at the upper and lower level S 3uG 


wa 
PevS an Over=-riding effect in usin aye Ss UDS ec Creo. 2 * 
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factorial design (see Table IV). The only sub-mcdel that 
could produce the prceper treatment combinations for analysis 
is the 22 factorial design or the 2x2 ANOVA. This design 
will, acwever, severely reduce the amount of useful informa- 
Meomeabouct the facters and interaction erfects that would 
have ctherwise been available. 


758 X2 ANOVA With Replication 


Ino 


The imbalance in the treatment combinations selected 
hor, cne €Xreriment dces not allow for the examination of all 
the 2x2 sub-models that are possible. The only possible 
combinaticns are indicated in Tabie V. Choosing any two of 
the four independent variables as factors will regquire hat 
the cther two be held at a fixed level. Once this is done it 
will be ovossible to Examine the effects of the chosen 
eae Crs. 

Ey way of an example, if Attacker Tactics is ccnsid- 
peea tc ke the first factor and Defender tactics as the 


ond, tne 2x2 design for factors "A AND BY shcwn in Table 


V may ke derived. Ncetice that this configuration requires 
at Least four trials of the proper plus-ainus combination. 
Bee e factcrs B, C, and D never cccur together at the lower 


tee’, at willerot be possible to construct an analysis of 
Meeanceetacble using factors 8 and C, orsBandD, cxzc and 
D. 


she, 





iy) Wey ici lik f 
THE POSSIBLE 2x2 ANOVA SUB-MODFLS 


"A AND B" 
Rte tes Ute Wao C+D + 


ALAND DY Aer: eee 0. Oe Oh 
rot Ce +l Ato te ep = 






















Peewee =) a+ E+C~ D+ 


The model for a 2x2 analysis of variance with repli- 









cations is relatively {Ref. 4: pp. 568-570] simple. Assuming 


that an chsevaticn of the responsé variable is a functicn of 


mre tcClicwing effects 
n -tkte grand mean. 
8. “-the row effect where 1i=1,2 
Y; -tre eclumn effect where j=1t,2 
V4 SEne Interaecicn effect 
Sak ~experimental error for the observation 


at the kth rerlication where k=1,2,3 


Meemrcae! terresenting the kth observation in the ijth cell 


May then te written 


ee. = ~ + (22) 
ijk i BS j Yay © igk 


+ 
-2 
“fp 


The e€rrer +terms in the model are assumed to be normally 


Sse ributed with mean zero and variance o*. 
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Prewmmbecr at. ous dagameen Table VI will serve to iilus- 
trate the analysis of variance procedure. Suppose ee 
interest tc determine the effects of factors Attacker 
Tactics, and Defender Tactics upon the mean time for 
Nefender to detect an attacker. The data in each c2ll repre- 
sents the mean time fer the defender to detect an attacker 
for each of the three replications corresponding to the 
treatment ccmbinations in Table V. An analysis cf variance 
table for this model as well as a solution using the Biomed 
computer subroutine, BMDP2V, Toupeovideda (in Apoendix FC 
Pete. Pp. 359-3 86 }. A summary of the results is listed in 
Table VII. The results of the analysis may serve to answer 
questions ccncerning the existence of effects or interac- 
tions. The three relevent questions relate to 
column(Defender Tactics), rew(Attacker Tactics), and inter- 


@etr1cen effects. 


7 Ae £ 
ANALYSIS OF VARIANCE DATA 


DEEN OU React TCS (3) 
1 2 





The null and alternative hypotheses on the interac- 
tion effects are stated as 
WlneeeieGemls nO interaction effect ( wb. .= 


0) 
HA: There is an interaction effect( wv. # 0) 


P59) 





Where "3" and "Jj" gc between levels one and two. If «he 
nuli hyposthesis (KO) is indeed true then the test 
eeaetctic, 15 = MSI/MSE, is distributed as an "F" with (1, 
8) degrees c£ freedcm. The probability that an "F" variable 
Will exceed the computed value of the test statistic is used 
Bomdetermine if the nuil hypothesis will be accepted or 
memected. It is customary to reject Ho if this computed 
probakility is less than a preselected value,qg, called the 
Bowen Of Signiticance."q represents the porobability that che 
Meri hyec thesis is rejected given that it is in fact true. 
Mieoececlaticrship is depicted in Figure 2.2. For example, 
meecne Value of the test statistic is equal to 2.67 or 
greater, it would lead to a rejection of the null hypothesis 
at an alpha cf .1407. At an alpha of 0.1, we would fail to 
reject tke null hypothesis; it would then be concluded «hat 
there is no evidence to suggest the existence of a signifi- 
ame anteraction effect. 


TABLE Vil 
RESULTS OF ATTACKER TO DEFENDER TACTICS ANOVA 


CTTEOTRET PGA ESE XANP LE) 


SOURCE DF. 
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Weetetne Tl hypothesis is not rejected, the error 


Sum cf squares in the analysis of variance *ablée( Tabkls 
fo 


rt, 


mummy i= cften modified by adding the interaction sun 
Squares tc it; the medified error mean square is then used 
to test the hypothesis on the main effects. The resulting 
mean square vaiues ard the values of the test statistic are 
shown in Tatle VIII. Ifa = 0.1 one can conclude as depicted 
Meeeragure 2.3 that “Attacker Tactics" has a significan* 
effect on the mean time to detect a target by the defender 
Wh2le tke “Defendez Tactics" does not. Of WeOUuUTSe aE hs 
example was contrived for illustrative purposes and doses nor 
necessarily reflect reaiity. Once the data is collated i+ 
will bke possibie to perform a similar analysis on all the 
respens¢ variables using the ANOVA configurations in Tarle 
y. 


(178) 
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Aagure 2.1 Cra tical ReGioneroL tne Y Statistic. 
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: RESULTS FOR POOLED SUM OF SQUARES 
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A. GENERAL 


The manner and method by which data is analyzed is mcst 
often determined by its intended use. If it is to be used 
for the express purrose of assessing the peode Dita) senae 
an event will occur, it would be desirable , ata mininun, 
to tabulate the results based upon the empiricai distribu- 
tion. On the other hand, i* the data is intended to be used 
for further analysis, DoewoumMdeb= more desirable tc fit a 
M@eoret cal distributicn to the data. The latter method has 
some distinct advantages over the former. Tabudatren ver 
empirical results are not as versatile as the fitting of a 
Bete 2 DuUtion. The fitted distribution allows for the study 
cf the etifect cf changes in the values of both the parame- 
ters and the inderendant variables. This aspect is 
especially important in combat modeling which must be 

responsive to a variety of scenarios and Situations. Mcre 
mupertaitliy, theoretical probabality distributions, have 
been extensively studied, and their properties are well 
known. This makes them extremely useful in analysis 
as modeling. Ir many situations, a problem on 
easily mcdeled mathematically «than by laboring over as 
Orate ccmruter Simulation. 

mela gne cH the preceding discussion, <=h3s remainder of 
mes Chapter will cover the methodology for fitting theoret- 


Meme distributions te data and testing for goodness-ctf-fit. 
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Be. DATA STRUCTURE AND CATEGORIZATION 


Before any attemrt is mad¢ at analysis, it is necessary 
to determine the afrropriate level of data to be used. 
Pegure 3.7 wrovides the data structure for the ARCOMS ITI 
experiment. Since the appropriate level of data is dependent 
upon the issues and analyses to be performed, its determina- 
momeeewili cre made in conjunceion with the discussicn of 


analysis techniques. 
C. FITTING THEORETICAL DISTRIBUTIONS TO DATA 
fem Necncdolcgy 


Bice thOdOlogy fOr fitting probability distritu- 
0) 


tions follows th2 sequence shown in Figure 3.2. The process 
begins with an ¢ducated quess as to the underlying distritu- 
ti0n of the data. The parameters of the hypothesized 


Meee =spuszcn are either known in advance or they are esti- 
Mated frem the data. The @mpirical distribution (histogram) 
gS then ccmpared with the hypocthsized Gistribution using a 
mmeedn]ess Of £it" test. This will determine if the fitted 
Gistributicn provides an acceptable approximaticn to the 
Mester abutcicn of the data. 


@. Estimating Parameter Values 


Cnce a decision has been made as to «he dist 
MeeercrT tc be fitted, €¢.g. Exponential, gamma, nor 

it will ke necessary te estimate tne parameters. The paran- 
eters determine the specific shape of the curve. CEten 
estimates of the parameters are available from historical 
experience. If this is not the case, the data itself may 
then serve tc derive an estimate for the parameters. dis 
appropriate estimates for nany of the standard distributicns 


May be fcund in Reference 6. 
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bis "Socdness of Fit" Tests 


Iwo cf the most widely used statistical-tests 
EO goodness-of-fit are ene, Che Square a h 
Polbomcgqctcy-Smiznov(k-S) tests. Undar certain conditions, 
each of these ztests has attributes which mak2s it preferable 
Memene cther. The K-S test may only be used for fitting 
continuous distributions when the parameters of the distri- 
buticn tc be fitted are assumed to be Known. However, for 
the normai and exponential distributions, specia tables 
have been censtructed which permit the K-S test to be used 
when the parameter have been estimated from the data. This 
Peeeensicn of the K-S test is known as the Lilliefors test. 
iioewn-S and Lilliefors test are often preferred cver the Chi 
Square <est when the sample size is small. The Chi Squére 
meme ch thesother hand, as applicable <co all types of 
distributions, and it is especialiy geod when moderate to 
large samples are available. 

A useful but less rigorous method cf fitting 
Memerabutscors is the technique of constructing prcetability 
Beocs. ‘This graphical method requires plotting the percen- 
files et the thecretical clove a /e) bhanhre 9 against the 
@emeene. ics Of thewempitical distribution. A straight line 


Meee Indicates a good fit. 
c. Variables Selected fer Analysis 


While data analysis should be accomplished on 
every dependent variarle measured, she Gond i ti'ona lata nemot 
Sight (CLCS), Acquisition, and Engagement data were selected 


to previde procedural examples. 
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hae Gomoeet onal Tine of Sight data consisted prina 
rily cf tke time duration and path segment length over which 
line of sight between an attacker vehicle and at l¢ast cn 
element cf the orposing force was determined to exist. The 
time segment duration was measured for both the attacker to 
defender and defender to attacker categories. The path 
segment lengths, on the other hand, were measured only for 
the distance over which the attacker vehicle +raveled. This 
is due to the fact that the attacker forces were mceving 
throughout the entire period of th2 engagement, whereas, the 
defender fcerces would only be expected to move Estween 
alternate defensive positions. POL ~<his  feason it was 
@ecided tc fit theoretical distributions to the CLOS data 
between attacker vehicle types (Tanks, Tows, and APCs), and 
the aggregate or all the defender forces. 

Histegrams of the data sets indicate that the CLOS 
Time and Fath segment lengths might be represented by cne of 
five distributics. They ere the Expeonsstial, Gamma, 
Weibull, Beta and Legqnormal distributions. By varying the 


Parameters cf these distributions, it is possible «co ottain 


fmemeve that is "similar" in shape to that of the histo- 
grams. The Expenential, Gamma, and Weibull distributions 
were fit tothe time and path séegnent lengths. Tid Deve xX 
mmemwe the results of this £fi* for two of these sets. einee 


the number of data pcints in each of the two sets is 829, 
the Chi Sguare t4st was used +t0 compute the test statistic, 
Meme oy CCiMparing X= to the 1-qquantile of the Chi Square 
distribution the following rejection criteria nay te used. 
Reject the null hypothesis of a "good fit" if 


2 2 
X< > oe Fs) 
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| TABLE IX 
| RESULTS OF FITTING ATTACKER TANKS CLOS DATA | 
TYEE n CELLS DIST PARAMETERS CHI D.F. y2 (DF) | 
(N) (K) STAT (K-N) “l-a | 

TIME €29 5 EXE. 4=.01935 194.1 4 9.488 

| ie 5 GAM.  06=.00686 yak i: ee) 7.614 
| pen HOT 
| 5 WEIB. v=0.0 5.52 2 5.991 ! 
a=31.514 

| g=.5714 
| pai €29 7 BXE. 42.0118 688.4 6 12.59 | 
| GAM. 9=.0027 2.407 5 ea Wee | 
r =0.231 
| 7 WEIB. v=0.0 8.67 4 9.488 | 
| Q=482505 | 
| 8=.5128 | 
| 
ee | 


A Gemparison Gf the test Statistic to the .95 quan- 
Mec ct the Chi Square distribution, showed that for all 
time segment lengths the hypothesis that the data represents 
@eextonential distribution is soundly rejected. However, 


both the Gamma and the Weibull distributions provid=2 good 


cS. Fer path ségment lengths thea Gamma distribution 
Provided an obviously better fit than did the Weibull 
Meseribution. tiie cCilvmexec Ot eoumcomr i> 2s the Tow path 
segment leéenaths. Pigure 3.3 shows th2 plots of the Weibull 


euamatazive distributicns function and the empirical CDF for 


tank time and path ségqment data. For Time Segment lengths 
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meet wo distributions are virtually identical. Riis, inda— 
cates that the Weibull provides a good fit for Time seqn 
lengths. Irthe secend case the Weibull fit was not aS gcod 
as the Gamma fir. The results for the remaining sets of 
CLOS data are enclosed as Appoendix C. 


See Acquisition Lata 


Acquisition data was devided into two data grcuts. 
The Attacker weapons acquiring or engaging those of the 
Beeenas= rorce, and the Defender force weapons acquiring and 
engaging Attacker wearon tyres. From this data, twe depen- 
dent variables were selected for analysis viz., LODE IES 46 (0) 
Acquire" a target given that there exists conditional line 
Meesicit, and “Time to Engage" a target given that it has 
been acquired. 

The histcgrams for both "Time to acquire" and "Time 
to engage" pointed to the exponential distribution as the 
cne mest jJikely to previde a good fit. In those cases where 
the cata sets had asmall number of data pcinis, she 


iD 


lilliefors test was used. Die iwwiserors quantiles For wth 


(D 


exponential distribttion have been tabulated and may b 
found in Table A116 of Reference 7. The results Tanks 
acquiring or engaging Defender Tow weapons is shown in Table 
Mee they indicate that the exponential distributicn provides 
megood [2+ to BOth tac deme Cnet t: leatc equirs" and for 
Meeacker the ‘Time tc Engage". These results as well as 
those for the remaining data sets are provided in Aprendix 
c. 


4, Engagsment Data 


Engagement data ccnsists of measurements on the 
Benge tc Engagement, aim errors in both vertical and hori- 
@eocal angular shifts originating from the target's center 








ae = 
TABLE X | 
GCOLVNESS-OF-FIT RESULTS FOR ACQUISITION DATA | 
| ATTACKER TANKS TO DEFENDER TOWS 

mes 6C DEST FARAMETERS eS CRitseAL | 
SCAT VALUE ! 
Tine 5 EGP. A =.0092 ~ 1642 <7 Os | 

ge 
Acq. 
ae 15 EXP. 4 =.0815 sa 2.02 a< .999 | 

cc 
Eng. | 
| 
re oie ee. sae, 


of mass, as well as a series of indicater variables deli- 
NMeating target exposure, aspect angle, whether it is novina, 
Whether it is firing, and whether it was hit, missed or 
killed. Since all the variables, except for aim errors, are 
indicatcr in nature, they will marely yield a propcrtional 
Segre cf the number of times they occur in the data. 
Consequently, aim errors are the only dépendent variables 
Peewee c ead for fitting a distribution. 

An e€xaminaticn of this data revealed that aim ¢rrors 
wer? only recorded for Attacker and Defender Tank wearons. 
The data was, therefcre, formed into four sets corresponding 
femcne "X" and "Y" ccordinates of aim error for Attacker and 
Defender Tarks. Histograms for e¢ach of these ccecrdinates 
Suggested that a2 Normal distribution is a likely candidate 
oem cit. Speco cne dill clhre= Gistraibwuczon is bi-variate, a 
bi-variate normal distribution must oe fit, unless it can be 
Shown that the correlation between the twe coordinates is 


ZerO. em necerela«t:cn petween "KX" and "Y'' for Attacker and 
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Defender Tanks wer? computed to be 0.15 and -09.04 respec- 
tively. These values are appear to be small enough to 
assume thet the correlation between the twe variabl2e is 
wero. he ceo bcmaeicumptlonmch= “X"* and “"“Y" coordinates can 
be handied separately. 

Tre results cr the Chi Square test listed in Table 
XI show that the Normal distrikution does not provide a gcod 
Boece <tc the data. hhile they are similar in shape (bell 
shaped), the empirical distribution is extremely "peaked" 
when ccmpared to the theoretical Normal distributicn. 
Fucther investigation cf the data showed this was due¢ toa 
Mtegernumrer af zero error points within the data set. This 
excessive number of zero aim @rrors may be the result of 
rounding to <the nearest integer mil when the data was 
recorded. Since the significance of a one mil error dérfends 
upon the rance to the target, measuring to the nearest ril 
Might prcevide far toc coarse a neasuremert scale. Ther end 
result is a clustering of data points on the integer values, 
especially at zero. Ag a ccnseguéence it was not possidle +o 
Seeaanh a gocd fit te the aim error data. 


Spe) 





ee es er ee cre cee ee emcee) errmsg pi eset | 


TABLE XI 
RESULTS OF AIM ERROR FITS 


| DATA NOMBER PARAMETER Cail SO; DEGREES 
| Set OESGELIS ES TEMATES VALUE OF FREEDCHM 
Attacker 5 Hee soot!) 61.75 3 
@e-—cccrd) 5 
oO“ = 1.01 
| Attacker 5 Boeewoeoos «880.67 : 
| {Y-coord) > 
oO” = 0.982 
Defender 4 Hoe ode? = 171.385 2 
(X-cccrd) > 
oO“ = ,572 
| Defender 6 p = .428 294.564 4 
meet y~-Cocrd) 
G@- = 71209 
| 
| 


: 
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IV. METHODS POR DEALIN 
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A. GENERAL 


In crder to impreve combat nodeling within the Army an 
increased understanding of the combat process is essential. 
Withcut the knowledge cf how combat units operate, manuever, 
engange one-another, ohm terminate engagments, comkat 
modeling could scarcely be expected to represent reality. 
fats, <he primary fecus of this chapter will be to discuss 
those analysis methcds which may be utilized to previde 
answers *c questicns regaring the significance of certain 
combat processes. The questions *~o be examined are ktased 
upon the issues that TRASANA determined to be important. 
Each question will te addressed separately, by briefly 
discussing the pertinent issue, the most appropriate method 
of analysis, and the experimental data that will suppert tha 


analytical method. 


feeleG& )86OEFYECT OF BOUNDING BY THE DEFENDER ON AIS 
DETECTABILITY 
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It has, POG tie MNOS Care) cesn 2ss 
defender were to steaithily move between alternative defen- 
Sive positicns, he might prolong the time it takes t 
him. A ceunter argument is that any mecvement ag 
Stationary Ltackgroud is more likely to queue *he visual, 
Mm@ermal, cr electrcnic detection ability cr th 
and thereby, increase the probability that the at 
detects a defender target. THewguesc.Veon 2s ther 
Defender movement into and between alternate firing fosi- 
tions significantiy increase the rate at which the Atta 


Merce 1S able to detect him?" 


ey 





The question may be viewed as asking whether the data 
Sect ~s whe notion that as che number of moves between 
alternate positions increases so does the the number of 
detecticns. An appreach to answering this question is +o 
test the statistical hypotheses that no increasing trend 
exists versus the alternative that an increasing trend dces 
exist. 

The data required must relate the number of times that 
each defender vehicle moves between defensive pcsitions to 
the ccerzespending the number of times that he is detscted by 
any member of the attacker force. A set of data for each 
mare Will ccnsist cf the paired observation (X4,Yi), where 
Xj 1s the number of noves for the jth defender vehilice, and 
¥j is the tctal number of datections scored against hin. 

A nonparametric method for detecting increasing or 
decreasing trends is + he Cox-Stewart test {rRef. 7: 
Peet a5-139]}. Although this test is adequate for determining 
Meer nert Cr rot atréend exists, it provides no specific 
informaticn as to how this result is to be used for modeling 
or analysis. Meo CNSr ClLoOBe, more useful to employ 2 
Metned which will, in addition to answering the question, 


also providé an estimate of the magnitude of the relaticn- 


Ship between the two variables of interes= by means of 
MOnparame*ric regression [Ref. 7: pp. 272-277}. Assuming 
the linear reqression model 

Yj = A + BXj (4.1) 
first the nenparametric estimates of "A" and "BY" based on 
ranks are determined; an estimate of the number cf detec- 


tions may te obtained by substituting these estimates in 
1) 


feel). the slope "B" in (4. will datermine whe~her or net 


@ 
fu 
73 
fu 


a Selaticnskip exists between Xj} and Yj. The magnitud 
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Sign of the slope will determine the degree and diréecticn 
mee relaticnship. themooedenan*seekRho test fer correl 
(Ret. 7: pr. 252-256] may be used to test the fsllewing 


hypothesis 
He: E& = bo 
Hes E > ko 


This is eéquivalent te testing the null hypotheses that no 
correlaticn exits versus the aiternative that positive 
Bemerelaticn does exist. A rejection will indicate that a 
correlaticn doses indeed exist. It must be pointed out that 
é Tegression using least squares could be used, provided 
that all the distributional assumptions are satisfied. 
However, least squares regression is extremely sensitive to 
the existence of outliers. If 1t is suspected that cutliers 
are present, it is best tc use 2 more "robust" method of 
regression. such as zhe one just described or the Median 
regressicn. 

A confidence interval for the slope in equation 4.1 may 
be derived by using the "two point” slope method {Ref. 7: p 
266-267 j. 


Ce. QUICK DASHES BY ASSAULTING VEHICLES 


cle 


fo 


In crder to reduce vulnerability, assaulting vehi 


ice 


o 


make gquick dashes from one d2filad2 position to the n 
I+ is suspected that these quick dasa2s reduce its ability 


to detect defender targets. Therefore, the follcwing ques- 


tion is asked, " De quick dashes by assaulting weapons 
Significantly reduce their abiiity *o detect defender 
ea. gets?*" 


As in the previous section we nay zest for increasing 
Beena using the Cox-Stewart test; or perform a hypothesis 
eeSt on the slope of the regression to determine if a rosi- 

v € 


lation exists. Because of the advantages prvicusly 


ag 





7) 
t{ 
i 
a 


enumerated, the nonparametric regression métnod is pr 
in this analysis as weli. 

In ¢ither case the data sets are constructed in 
precisely the same manner. Care must be taken te insure 
that the length of a "quick dash" is precisely defined and 
Piece it 2S consistent with current tactical doctrine. 
Assuming that the quick dash length is 200 meters, it is now 
possikle tc define Xj, the number of tines that vehicle "J" 
Bomea less than or egual *o 200 meters; Corresponding tc Xj, 
we may new determine th2 number of detections scored by 


feaeene "7". The result is the bi-variate data set (X},Yj). 


nM 


This type of data may be ccllected specific to a particular 


Paeelte Fun, trial or agqgregatted for the SL eee xX Dera nenir. 


D. ENGAGEMENT AND ITS SIGNIFICANCE ON ATTRITION 


Tke guestion here is "Does the frequency with which 
engagements occur hurt +he defender more than the 
attacker?", or "Does the frequency with which ae force 
engages the oppesing force increase the kills it achieves 
and decreases the kills it receives?" 

Fer €ither tne defender or attacker force, two sets of 

€ 


bi-variat¢e data must te analyzed. On2 set is the number of 


engagements initiated by «hat force (Xi) and the number of 
fees ats eibuted to i* (Yi). The other set is the number of 
engagements initiated by that force(Xi) and =he number of 
Meere it recelves(Zi). Each battle run represents one samrie 
Demet. A <cotal of 24 sample points may, SherTetrcres, be 
nd 


using 
the Cex-Stewart test, cr tha method of nonparametric reqr 


Memrved. The analysis procedure is the test for tre 


‘ip 


Ss= 


eeom discussed in section B. 
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EF. ROUNDS EXPENDED CN TRUE VERSUS FALSE TARGETS 


Tke issue tc be addressed 15 whether there exists a 
relationship between the number of rounds expended against 
true ora false targets. PoOtmmcais Stand »pcint of the 

ttacker fcrce, the question can de posed "Do ttacker 

weapons fire fewer reunds per target against false targets 
than against true ones?" The same question may in turn be 
asked with respect te the Defender force. It may, in addi- 
‘eslonaae be more detailed in scopé so as tc ccecncern a 
Pemceucilar weapon tyre, battle fun, or trial number. 

The issue involves a comparison of the distributicn of 
two sets cf data. We are specifically interested in deter- 
ining whether or net we can expect one set to have higher 
expected value than the other. 

The data regquized for this analysis consists of *+wo sets 
of observations. One set representing the number cf reunds 
expended against true targets (Sj). The other set is the 
number cf reunds expended against false targets (Sk), whers 

aces 


a 


=-_ ww 


faite se 1! and kK=1,...,n2. The set of hypotheses 

Be. Ire ¢xpected vaiue cf Sk 1S greater than or equal 

momene expected Valuc Of Sie, {EQSK) >F (S4)} 

Has The expected value cf Sk is less than the 

expected value of Sj. Coca (5 1) } 

An apprcpriate test is the Mann-Whitney nonparametric 
test for twce independent samples [Ref. 7: pow 215-223]. The 
Procedure censists cf first pooling the two samples and 
@eeroaning a rank to each observation; the test statistic is 
Smee sum cf <he ranks asSigned +t0S5j (cer Sk). Agprepriate 


tables cf critical values are in APEENDIX A cf Reference 7. 
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Fo. FALSE TARGET DETECTION RATE 


icoei= Suspected that the detection or false target 
aici iy cccur in a batile-field environment. It is 
fee, Critical to the undexstanding of this pro 
determine the significance of a comparison between a 
or detecticn of false targets for Defender weapons, Attacker 
Assaulting weapons and Attacker Overwatching weapons. The 
question is asked, " Is the false target detection rates the 
same for the Attacker Overwatching weapons, the Defender 
weapcns, and the Assaulting weapcns?" 

ssuning independence between and arong the three 
Samples, a test on the equality of distributicns may be 
performed. The hypotheses are: 

Hee ALL three population distribution functions 

are identical. 

Has: At least cne of the populations tends to yieid 

larger observations than the others. 

Duo Lenparametric methods of testing for significance 
were considered viz., the Kruskal-Wallis test for s¢veral 
independent samples [{Ref. 73: pp. 229-237), and ths Van Dez 
Waerden test for severai independent samples [Ref. 7: opp. 
oa — 326 }. While the Kruskal-Waliis test statistic is kased 
upon rarks, th2 Van Cer Waerden is besed upon the concent of 
normal sccecres. The Van Der Waerden test has an advantage in 
that it has a higher Asymptotic Relative Efficiency than the 
Kruskal-Wallis Test. In this respect the Van Der Waerden 
test is ccmparable tc itS parametric counterparts, the "t+" 
and "F'" tests, and has the sam¢e asymptotic efficiency as the 


parametric tests when the population is reaily nermal anda 


larger asymptotic efficiency when the population BS 
Bennormal { Ref. 7: pp. 316-317}. HOsec nes Teascon the Var 
Der Waerden test as selected 4s We Oetterc “Of tha “two 


W 1 
alternatives for testing the stated hypotheses. An initial 
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comparisen of the three populations will either accept or 
memee: «re hypothesis of icéntical distributions. If tha 
Meets tails «oo reject we are spared from having to conduct 
individual ccmparisons between the samples. ey on the 
other hand, a rejection occurs the test provides an easy 
methed fcr making individual comparisons. Pairwise compari- 


sons are performed in order to determine which sets are 


Significantly different from cone-another. The unigquée pairs 
are Defending to Assaulting forces, Assaulting to 
Overwatching forces, and Defending to Overwatching ferces. 


The magnitude of the difference will «hen determine how thsy 
meenwtec De crdered. [t is this ordering that will provide the 
final answer. 

mne Gate =equired for this test consists of the rate of 
detecticn for each cf the three types cf samples. Rate of 
det 
detections by the period of time in which the detecticns 


wemion iS comruted by deviding the number of false taraqet 
g 


were pace. Data sets may be constructed based upon an indi- 


Vidual trial or aggregated. 


Ge. FREQUENCY OF OVERWATCHER DETECTIONS 


A firing target qenerates a number of detectable effects 
em a blast, ‘flash, and smoke which serve to queue a 
Searcher. It is suspected that this queuing may signifi- 
Seely 2ntance the Overwatcher's ability to detect targets. 
Therefore, the relevent question for this analysis is stated 
eas, " Do stationary Attackers, or Ovearwatchers incur a 
higher frequency of detection when they are firing versus 
when they are not?" 

The questicn implies that an evaluation must be made +o 
determine if the a firing overwatcher experiences a greater 
propertion cf detecticns than does a nonfiring Overwatcher. 


If Xi represents the number of detections When che 
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Overwatckter is firing and Yi tépresents the number of deteéec- 
P2ons when the Overwatcher is not firing, a bivariat ata 


oD 
er 


point may ke assigned to each weapon of the Overwatching 
BOLCe. if we let Pf represent the proporticn of detections 
incurred when an Overwatcher is firing and Pn represent the 
proporting cf time he is not firing, the following hyrpoth- 
eses may be stated 

Ho: FE = Pn 


Ha: Ef > Pn 


Meeme!l <est statisti 








P£(1-PF) + En(1-Pn) (4.2) 
Nf Nn 

Meese tvec-i10nr occurs if the test statistic eéxceeds the 2 
guantils of the stancard normal distribution. A confidence 


interval tay now pe established for (Pr-Pn) as 









DO PE-Pe< ge) PE(I=PE) + Pn(t-Pn) (4.3) 


NE Nn 


mer G€ach Overwatching , OF Stationary attacker target a 
Bevatiete data point is constructed. The ¢leméents of the 
bivariate reint are Xi, the number detections when the 
target is firing, and Yi, the number of detections when the 
Mmeee 25 net firing. The proportions Pf and Pr are then Pft= 
Xi/ (Xi+Yi) and EN= ee (ka FY) The sanpie may be 
Semsectcticted for each tattle run, trial oF as an aggregation 


Cr the entire experiznent. 
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¥V. CONCLUSIONS AND RECOMMENDATIONS 


A. CCNCLUSICNS 


While the ARCOMS II field experiment forged the way in 
the collection of experimental data on the Armcr Ccembat 
Beeecesses, it did net provide fcr an efficient analysis of 
experimental effects and interactions. The choice of the 
eight factcr-level ccmbinations at which the data was neas- 
ured failed to provide the balance needed to perform a 24-1 
Meaectonal factorial analyis. The only model which could be 
Meegeis the 22 factcrial analysis with replications. Even 
this is not an applicable sub-model for all factor combina- 
meon=. In fact, there are only three combinations of factors 
that provide suitable models. They are Attacker Tactics to 
Defender Tactics, Attacker Tactics to Terrain, and Attacker 


Meetsics to Hatch Position. 


ty 


Maes titting of theoretical distributions is possible fo 
a great deal of the data. Preliminary data analysis suggests 


that CLCS time and path segment lengtns are distributed as 


Either Gamma or Weibuli distributions while the time to 
aguire and time to engage appear to be exponentially 
fees ecCibuted. 
Be. RECCMMENDATICNS 

Based upon these conclusions the following recomenda- 


tions are made. 
1. An Analysis cf Variance for the dependent variables 
listed in Appendix A shouid be accomplished using a 
22 factorial design( 2x2 ANOVA) with three replica- 
cns per celi. This model is provided in Appendix 


: The Model assumptions should be verified py 
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cece “sor  PeCENala ty CGE the excror terms. peeing oi sets 
assumption is not reasonable, consideration shculd pe 
given to the Friedman nonparametric analysis of vari- 
ance and its extensicn for zhe case with replicaticns 
Pret. 7: pp. 299-308 1: 

2. Fer future experimentation, it is recommended that a 
detailed experimental design be determined pricr to 
ccllecting any data. The design should specify the 
issues tc be addressed, the analysis techniques to be 
employed, and how the data is to be structured to 
Sugppert the analysis. An early identification of the 
analysis technigues wili help define the type and 
Siiemcraty oO: data to be collected. 

3. The cCLOS Time segment lengtks wnen ploted against 
bcth Time to Clos and Range to the initiation of CLOS 
reveal the presence of a bi-modal relationshir. When 
Plicuncd against the  fCange to initiation of CLOS the 
modes, representing lcnger duration as well as mere 
Frequent cccurrences, were located at 1500 and 3000 
meters, This phenomenon occurred for both Time and 
Fath seqment lengths. Figures snowing this phencmenon 
are in Appendix D. I+ is recommended that an investi- 
gaticn of this phenomenon be pursued with snail scale 


experiment. 


Peton <0 whe ARCCMS experinent, re nas been very 
little data generated from field experimentation which can 
represent a realistic combat scenario. Combaz models have 
relied keavily upcen engineering and hestorical data. 
Engineering data is generated from well ohne elope seat 


babe rascry-~liike™ experimentation. The interactions invelved 
mea CCMLat evironment with a free flowing ferce-cn-force 
engagement are not reflected in such data. Some idea must 
E= obtained as to how different data from field ¢xperinenta- 


meen JS Lrem engineering or historical data. The cbjective 
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is to determine if the field experimentation data provides a 


nore 


Cz her 


ile 


realistic representation of the combat data than the 


two. It is recenmended chat 


A cemparative analysis be performed between the 
ARCOMS data and that Stmpeac Balistze Research 
Latcratory and the Night Vision Laboratory. 

A Regression Analysis should be performed using the 
engagement data discussed in Chapter III te predict 
the parameter for probability of detection in time 
"tet, This should be compared with the resulcs of the 
Night Vision Laboratory ¢xperiment. This comparative 
analysis may provide an insight into the differences 
between engineerin ddeaweea* seha= collected fron 


field experimentation. 
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LCEPENDENT VARIABLES 


The dependent variables are listed accordin ienhieg 


contributicn to combat processes in 


A. 


OFFENSIVE OPERATICNHS 


ttacker vehicle LOS time and path Segmen<«s. 

Number of Defensive position scanning lasers with 
LOS te single attacker vehicle. 

Number of attacker vehicles with LOS to single 
defensive position scanning iaser. 

Defender vehicle CLOS time and path segments 
during expcesuré. 

Number of defender vehicles with CLOS to 
Szngis attacke=z vehiciés. 


Number of targets acquired by “he attacker fore 


iD 


Time t~¢ acquire true targets by the attacker. 

Number of false targets acquired by the attacker. 

Number cf true targets with CLOS and rounds =2xpended 
bye the attacer ferce. 

Number of true targe*s engaged by che attac 

Time te engage true *argets by the attacker. 

Target engagement results for true target engagemen 
by the attacker force. 

Number cf ralse targets engaged by the attacker force. 

Time +o engage false targets by the attacker force. 

Reperted target engagement results for faise *zargsét 
engagements by the attacker force. 

Time, distance, and movement rate between bound 


pesiticns for the attacker force. 


us 





Meme Of OCcCUpeticn of the bound position and rounds 
Ritned by the attacker force. 

Number cf hits received by attacker vehicles. 

Number cf kills cf attacker vehicles. 


DEFENSIVE OPERATICNS 


Defender vehicle LOS time segments. 

Mean number of defender vehicles with LOS 
to cffensive scanning lasers. 

Attacker vehicles with CLOS time and path 
séaqments during expesure. 

Mameer CL attacker vehicles with CLOS to 
singles defender vehicles. 


Number cf true targets acquired by the defender 


(D 


BOXLCes. 
Time te acquire true targets by defender vehicles. 
Number cf faise targets acquiréd by the defender 
rorces. 
Number c£ true targe+s with CLOS and rounds 
expended by the defender forces 
Number cf true targets engaged by zhe defender ferce. 
n vehicles. 


Time to engage true targets by defender 
a 


e 

Target engagement results for true target engagements 
by the defender forces. 

Number of false targets engaged by the cefender ferce. 

Time tc engage false tarcets by the defender vehicles. 

Reported target engagement results for false target 
engagements by the cefender force. 

Time, distance, and movement rate between bound 
Poca ~aems £Or the defender force. 

merece; CCCtpatzcn Gf the bound position and rounds 
fired ky the defender ferce. 

Number cf hits received by defender vehicles. 


Number cf kills ct defender vehicles. 
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APPENDIX B 


2X2 ANOVA WITH REPLICATIONS 


A. ANOVA MCDEL 


The 2x2 analysis of variance model with three replica- 


feom= per cell is 


‘on = + + + os + 
a) : 2 us ar ask 


Were ee, DD = N=Z 


where Su 
ie p,eo. se, m- 5 m= 2 


lpiemisig ps P= o 


The mcdel parameters are 


n = tke grand nean 

B. emote firs: factcr ef fect 
Y; = the second factor effect 
Vis Beene interacticn effect 
ek = the error tern 


This model essumes that the e¢rror terms are independent and 
Normally distributed with a mean of zero and variance of o% 


It may ce used to test the following hypotheses 


je 6€6C ALL 3. =Q.(There is neo effect due to the first 
factcr) 

2, eet ie = Q0.(There is no 2ffsct due to the séccnd 
Factor) 

oe Ail Vis = Q.(Ther2 is no interaction erfect) The 
Membewind terms ars defined ian order tc clarify «the 


ANCVA table on the following page. 
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C. 


OUTPUT OF ANOVA RESULTS 


HYPCTRETICAL TEST DATA 
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APPENDIX C¢ 
DATA ANALYSIS RESULTS 


A. C1LOS CATA 


The results cf the “goodness of fit" tests for the data 
Smmecmarzticnal iline of sight is listed in Table XIII. 


Mesecdrame are provided as Figures C.1, C.2, and C.3. 


Be. ACUISITICN DATA 


Mme rSsuits cf fitting the Aquisition data is provided 
in twce parts. fable XIV providés the results for "Time to 
Detect" while Table XV provides the results for “Time to 
Engage". Rather than include ail histogram, three typical 
histecgrams are provided as Figures C.4, C.5, and C.6. 


CA AIM ERROR DATA 
Bas tograms fOr aim Srrors are provided as Figur2s C.7 
ema C.8. 


D. SCATTER DIAGRAMS FOR TISE AND PATH SEGMENT LENGHTS 


Peagunes C.9 through C.1 show the scat<s > voiots for Tine 
and Path segment lengths against time and range to initia- 


mon cf Ccnditional line. 
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A 
GLOSSARY 


PRENDIX D 
AND ABBREVIATIONS 
A. AEBREVIATIONS 


iocews —- Armor Ccbavt Opereticns Model Support 


(field experiment) 
mee Anti- tank 
mpGcm- COnditional Linesgor Signt 
CPFOR - Oppcesing Forces 
meAtTA = TRADOC Cembined Arms Test Activitxy 


TOW- Tube launched, optically tracked, 


wire guided missile systen 


TRACCC - (United Stazes Army), Training 


and Doctrine Ccmmand 


TRASANA - TRADOC Systems Analysis Activity 


Be GLOSSARY 


Mpeeeteclicwing definitions ere extracted irom 
that was cttained frem TRASANA. 
imeaAbtengate posztion - A. vehicular firin 


giloasary 


pOS=t 2On 


which covered the same target area a ovorimary fosi- 


FEC Ny. Tt was used when a otrimar osition received 
t Y P 


intensive fire, or +0 confuse the anemy's target 


Jequisicicn efforts. 


Za AGGUISLEIONn - THe aAGCvigie yor discovering and 


MocatangGueda actual target in sufficient 


permit the effective employment of weapons. 
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detai <to 





Or. 


els 


Bound - That movement an individuél vehicle or 
Maneuver <element made from one positicn tc another. 
Ideally bcunds were made from one covered and conc- 
€aled positicn to another as rapidly as possible. 
Conditional Line of Sight (CLOS) - CLOS existed when 
two sensor LCS conditions were met. First, LOS 
existed between a defending laser transmitter and an 
attacking vehicle DAS. Secondly, LOS existed between 
an ortfensive laser transmitter and a defensive vehi- 
ele*>s DAS. When these conditions were met beth 
vehicles were assumed *o have LOS with each other. 
Das- A laser energy receiving unit functioning on top 
of each attacking and defending vehicie, and on the 
searchlight mcunt of defending tanks. 
Detection - When an observer was arerted to the rres- 
ence of something cf possible military intere 
warrants further evaluation. 

Engagement - The activity of laying on ;and firing at 
aueaccual targec. An engagement can be one oor many 
E2ancs at a single target. 

lse Target -Any target which was Rk m 
lue or not a live player or the opposing side. 
eeemusight Cath secmwene = A sorticnr of the path a 
mcving target took over wnich LOS existed c 

ously to the sensor being considcer:d. The we past 
se€qment was a distance in meters ocver whic 
ettacker traveled with LOS between an SLT and the CAS 
Meuaced Oh tOp of the vehicle. 

Line of sight *ime segment - That length of time a 


target was on LOS path segment. 


Overwatch element - The tactical role of n element 
positioned to cbhserve the movement of another element 


andmecOusSUuPDOrt it with fires. 
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ize 


is 


jime to acquire = The time for an observer te acquire 
a target based on line of sight. It started when LOS 


Gwisc-s between "an SLT (Colocated weth «hk 


D 


observer) 
and the vehicle's DAS. It ended when an chsérver 
ccemmands "target" or "gunner". (See time tO Engage) 
Time to engage - The time for an engagement which 
began with the vehicle commander's ccmmand of 
“ecunner" of the guumer’s command "target", until the 
eaner Ghee tne £lrSst Eitang et that speciric target. 


images target - Anyecattet which was of military value 
and proper and corrsct for the weapon system to 
engage. 
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